Introduction: Precise knowledge of variations in arterial vascularization of the abdominal viscera is important for systematization of radiological and surgical anatomy in animals that serve as experimental models and in domestic animals. Objective: The aim of this study was to describe the origin and main branches of the cranial and caudal mesenteric arteries in rabbits. Materials and Methods: The anatomical dissections were performed in 30 cadavers of adult rabbits, 15 males and 15 females. Results: The cranial mesenteric artery arose as a single artery in all females and males. The average length of the cranial mesenteric artery in females was 2.63 cm and originated at the level of 1st lumbar vertebra in two (13.33%) animals, between the 1st and 2nd lumbar vertebra in four (26.67%), on the 2nd lumbar vertebra in seven (46.67%), between 2nd and 3rd lumbar vertebra in one (6.67%) and at the level of 3rd lumbar vertebra in one (6.67%). The average length of the cranial mesenteric artery in males was 2.56 cm and originated at the level of 1st lumbar vertebra in two (13.33%) animals, between the 1st and 2nd lumbar vertebra in two (13.33%), at the level of the 2nd lumbar vertebra in eight (53.33%), between the 2nd and 3rd lumbar vertebra in three (20%). The main ramifications of the cranial mesenteric artery were the caudal pancreatic duodenal, middle colic, jejunal and ileocecocolic arteries. The caudal mesenteric artery arose as a single artery in all females and males. The average length of the caudal mesenteric artery in females was 0.846 cm and originated at the level of 5th lumbar vertebra in three (20%) animals, between the 5th and 6th lumbar vertebra in two (13.33%), at the level of the 6th lumbar vertebra in seven (46.67%), %), between the 6th and 7th lumbar vertebra in two (13.33%) and at the level of the 7th lumbar vertebra in one (6.67%). The average length of the caudal mesenteric artery in males was 0.79 cm and originated at the level of the 5th lumbar vertebra in two (13.33%) animals, between the 5th and 6th lumbar vertebra in one (6.67%), at the level of the 6th lumbar vertebra in seven (46.67%), between the 6th and 7th lumbar vertebra in four (26.67%) and at the level of the 7th lumbar vertebra in one (6.67%). The caudal mesenteric artery arises from the aorta, originating the cranial rectal and left colic arteries. Conclusion: No relation was observed between the mesenteric length and the rostrum-sacral length in rabbits. The origin of the cranial and caudal mesenteric artery is not gender dependent.
Introduction
The morphology of the digestive tract correlates well enough with the function so that the feeding habits and diets can be determined using the digestive system as a basis (GETTY, 1986; DYCE, SACK and WENSING, 2010; KÖNIG and LIEBICH, 2011) .
Anatomically, rabbits' digestive tract is characterized by a simple glandular stomach, long intestinal tract and very large cecum. The rabbit cecum is functional and is responsible for promoting bacterial fermentation and vitamin B synthesis (AMORIM, AMORIM-JÚNIOR, SILVA-JÚNIOR et al., 2002) .
Precise knowledge of variations in arterial vascularization of the abdominal viscera is important for systematization of radiological and surgical anatomy in animals that serve as experimental models and in domestic animals. In veterinary and human medicine, information on the pattern of intestinal vasculature and its possible variations is essential since the gut can be affected by different pathologies that require rapid diagnosis and surgical intervention.
Among the visceral branches of the abdominal portion of the aorta, the celiac and mesenteric arteries have great relevance in clinical and surgical anatomy and angiographic procedures, because they are responsible for the irrigation of important viscera such as the liver, stomach, spleen, pancreas and gut (NAYAR, SINGH, SINGH et al., 1983) .
In domestic animals, the cranial mesenteric artery arises in a unique way, caudally to the celiac artery, with which it forms in some cases a trunk called the celiacmesenteric trunk. Nickel, Schummer and Seiferle (1983) report that the cranial mesenteric artery arises from the ventral surface of the abdominal aorta, immediately caudal to the celiac artery gives rise to the pancreatic branches (ruminants), the caudal pancreatic duodenal artery, jejunal arteries (with colic branches in small ruminants), collateral branches (bovines), ileal arteries, ileocolic artery -with colic branch (carnivores, pigs and equines), colic branches (ruminants), right colic arteries (ruminants), cecal artery (carnivores, pigs and ruminants), medial cecal artery (equines), lateral cecal artery (equines) and ileo-mesenteric branch, right colic artery and middle colic artery (equines).
According to Dyce, Sack and Wensing (2010) and König and Liebich (2011) , the cranial mesenteric artery of the rabbit issues the middle colic artery, the caudal pancreatic duodenal artery, the right colic artery and one ileocolic branch. As for the caudal mesenteric artery, these authors allude to the fact that this vessel is divided into left colic arteries and cranial rectal artery, from which depart the sigmoid arteries. Nayar, Singh, Singh et al. (1983) observed by arteriography the anatomy of the abdominal viscera and lower back in goats, carnivores, pigs and rabbits and reported that the cranial mesenteric artery in these species originates the following branches: the middle colic artery, which is the most developed branch and undergoes anastomosis with the left gastroepiploic artery; the ileocecocolic artery, which in goats and rabbits is the first branch issued; the cranial pancreatic duodenal artery; and numerous jejunal arteries that form anastomosis between them, creating arcs. The caudal mesenteric artery is a small vessel and divides into cranial and caudal branches.
The aim of this study was to describe the origin, esqueletopy and main branches of the cranial and caudal mesenteric arteries in rabbits, thus providing morphological data for comparative anatomy as well as surgical and experimental practice.
Materials and Methods
This study was performed with rabbit cadavers that had been sent to the animal anatomy area of Federal Rural University of Rio de Janeiro. They had been stored in a freezer since received.
Thirteen adult New Zealand rabbits (15 males and 15 females) were used. Initially the cadavers were thawed in running water, sexed and identified by placing numbered plastic tags attached with string to the common calcaneal tendon. A metal measuring tape was used to measure the rostro-sacral length of each animal, from the end of the snout to the tail set.
The cadavers were positioned in right lateral decubitus position for access to the thoracic portion of the aorta, through an incision made between the 6th and the 10th intercostal space. The artery was cannulated with a urethral catheter (number eight or ten, depending on the vessel diameter) and secured with string to prevent overflow and maintain intravascular pressure.
Fixation was done by caudally injecting a 10% formaldehyde solution through the catheter (variable volume depending on the cadaver's weight). Immediately after fixation of the cadavers Petrolátex S65 solution (Duque de Caxias Refinery, Petrobras, Duque de Caxias, RJ) mixed with Suvinil pigment was injected to fill the entire arterial system. Then each cadaver was immersed in a low density polyethylene cardboard box with capacity of 500 liters containing a 10% formaldehyde solution to finalize the fixation and latex polymerization process.
Five days after latex injection, the cadavers were dissected to assess the origin and main branches of the cranial and caudal mesenteric arteries. The results were presented in schematic drawings relating to arterial organ systematization and photographed in situ. With the aid of a digital caliper, measurements in centimeters of the cranial and caudal mesenteric arteries (from origin to first branch) were obtained.
This publication is part of the project entitled "Systemic and Topographical Anatomy of the Rabbit: A study for surgical, radiological and experimental practice", which was approved by the research ethics committee of Federal Rural University of Rio de Janeiro (number 23083.002379/2007-08).
Statistical analysis
To check whether the distribution of observed frequencies for the 30 animals examined is consistent with the hypothesis, we applied the chi-square test (X2) considering P < 0.05 as significant to test the null hypothesis, which relates to the origin of the cranial and caudal mesenteric arteries and number of core branches. In regards to the overall pattern of the mesenteric artery length as a function of rostro-sacral length, we chose to calculate the correlation coefficient "r", which can vary between -1 and +1. The mean and standard deviation of the cranial and caudal mesenteric arteries' length were also calculated, and using the unpaired t-test these values were compared in both sexes.
Results

Length
The mean and standard deviation of the cranial mesenteric artery length in females was 2.63 ± 0.565 and 2.56 ± 0.5104 in males (p = 0.7). The mean and standard deviation of the caudal mesenteric artery length in females was 0.78 ± 0.48 and 0.79 ± 0.2261 in males (p = 0.68). No relation was observed between the mesenteric artery length and the rostrum-sacral length in both sexes.
Origin
The cranial mesenteric artery emerged directly from the abdominal portion of the aorta as a single vessel in all dissected females and males. The caudal mesenteric artery originated directly from the aorta as a single artery in all dissected females and males.
Esqueletopy
In males the cranial mesenteric artery originated at the first lumbar vertebra in two cases (13.33%), between the 1st and 2nd lumbar in two animals (13.33%) in the 2nd lumbar in eight (53.33%) and between the 2nd and 3rd lumbar vertebra in three animals (20%). In females, the origin occurred in the 1st lumbar vertebra in two cases (13.33%), between the 1st and 2nd lumbar in four animals (26.67%), in the 2nd lumbar in seven (46.67%), between the 2nd and 3rd lumbar in one (6.67%) in the 3rd lumbar vertebra in one (6.67%). Among all 30 animals (males and females), the source was in the 1st lumbar vertebra in four animals (13.33%), between the 1st and 2nd lumbar in six (20%), the 2nd lumbar in 15 (50%), between the 2nd and 3rd lumbar in four (13.33%), and in the 3rd lumbar vertebra in one animal (3.33%).
The caudal mesenteric artery in the rabbits originated in the 5th lumbar vertebra in two animals (13.33%), between the 5th and 6th lumbar one animal (6.67%), in the 6th lumbar in seven (46.67%), between the 6th and 7th lumbar vertebra in four (26.67%) and in the 7th lumbar vertebra in one animal (6.67%). In females, it originated in the 5th lumbar vertebra in three animals (20%), between the 5th and 6th lumbar in two (13.33%) in the 6th lumbar in seven (46.67%), between the 6th and 7th lumbar in two (13.33%) and in the 7th lumbar in one animal (6.67%). Among all 30 animals, the caudal mesenteric artery originated in the 5th lumbar vertebra in five animals (16.67%), between the 5th and 6th lumbar in three (10%), in the 6th lumbar vertebra in 14 animals (46.67%), between the 6th and 7th lumbar in six animals (20%), and in the 7th lumbar in two animals (6.67%).
Main branches
The main branches of the cranial mesenteric artery issued were: middle colic artery to the descending irrigated colon, forming anastomoses with the left colic artery; caudal pancreatic duodenal artery, which irrigated the caudal flexure of the duodenum and pancreas; jejunal artery, which distributes through the meso jejunum irrigating the jejunum and part of the cecum; and ileocecocolic artery, irrigating the ileum, cecum and ascending and transverse colon ( Figure 1 ). The cranial mesenteric artery also issued small branches to the transverse colon and jejunal branches.
In males, the first branch issued was the middle colic artery in seven animals (46.67%) and the caudal pancreatic duodenal artery in eight animals (53.33%). The 2nd branch issued was the middle colic artery in eight animals (53.33%) and the caudal pancreatic duodenal artery in seven animals (46.67%). The same was observed in females.
In males, the 3rd branch issued was the jejunal branch in 12 animals (80%) and the branch to the transverse colon in three (20%). In females, the jejunal branch was the 3rd in 13 animals (86.67%) and branched to the transverse colon in two cases (13.33%).
Before the cranial mesenteric artery forks and gives rise to ileocecocolic and jejunal arteries, it sends branches to the transverse colon and jejunum. These jejunal branches are variable in number. A single jejunal branch was observed in four males (46.67%) and one female (6.67%), while two branches were observed in seven males and seven females (46.67%), three branches in two males and two females (13.33%).
The 4th branch issued in males was the jejunal branch in 12 animals (80%) and the jejunal artery in three animals (20%), while in females this was the jejunal branch in 12 (80%) and branch to the transverse colon in three animals (20%). The 5th branch in males was the jejunal branch in seven animals (46.67%), jejunal artery in six (40%) and ileocecocolic artery in four (26.67%). In females, the 5th branch was the jejunal branch in eight animals (53.33%), branch to the transverse colon in one animal (6.67%) and jejunal artery in six animals (40%).
The ileocecocolic artery, which was observed in all animals, issued the principal branches: branch to the transverse colon, a trunk that irrigates the vermiform appendix of the cecum, ileum and proximal loop of the ascending colon, branch to the central loop of the ascending colon and a trunk that irrigates the 1st and 2nd cecum gyrus and round saccule. Additionally, other smaller branches were also observed.
The jejunal artery was also observed in all animals in this study. The mean number of jejunal branches, considering the emitted jejunal artery branches and that observed earlier in the cranial mesenteric artery, was 17 in males and 18 branches in females.
In all study animals, the caudal mesenteric artery issued the left colic artery and cranial rectal artery (Figure 2) . The left colic artery irrigated the entire descending colon, sending small branches to form anastomosis with the middle colic artery. The cranial rectal artery followed by descending top the meso colon and then entered the pelvic cavity and continued in the meso rectal direction, issuing numerous branches to irrigate the rectum.
Discussion
Typically, the celiac and cranial mesenteric arteries arise directly from the abdominal portion of the aorta as separate vessels, although they can have a common origin, or as reported by different authors, with the presence of a celiac-mesenteric trunk formed by the celiac and cranial mesenteric arteries. This variation has observed in sheep (LANCENFELD and PASTEA, 1977) In cats dissected by Estruc, Nascimento, Gomes et al. (2012), the predominant presentation of the cranial mesenteric artery was as a single vessel (15 males and 13 females). In 90% of the rock cavies (Kerodon rupestris) studied by Queiroz, Moura, Lucena et al. (2011) , the cranial mesenteric artery originated as an isolated branch of the abdominal aorta just after the origin of the celiac artery. Similar results were reported by Morais Lima, Souza-Rezende, Rocha et al. (2010) in a study conducted of the intestine of the crab-eating raccoon (Procyon cancrivorus), by Machado, Gonçalves, Parizzi et al. (2006) in nutrias (7 of 10 animals), and in New Zealand rabbits (MALINOVSKÝ and BEDNÁROVÁ, 1990; MACHADO, SOUZA, OLIVEIRA et al., 2008) , corroborating the results obtained in the present study.
In 53.33% of male rabbits, the caudal pancreatic duodenal artery was the 1st branch to emerge from the cranial mesenteric artery, while in 46.67% the 1st branch was the middle colic artery. The same percentage was observed in females. Similarly, Estruc, Nascimento, Gomes et al. (2012) found in cats that the caudal pancreatic duodenal artery was the 1st branch to emerge from the cranial mesenteric artery in 88.89% of males and 50% of females. This branch was also observed as the 1st branch of the cranial mesenteric artery in 100% of New Zealand rabbits (MACHADO, SOUZA, OLIVEIRA et al., 2008) , 60% of nutrias (MACHADO, GONÇALVES, PARIZZI et al., 2006) and 25% of rock cavies (QUEIROZ, MOURA, LUCENA et al., 2011).
The 2nd branch came from the middle colic artery in 53.33% of the rabbits or the caudal pancreatic duodenal artery in 46.67%. The same was observed in females, corroborating the results obtained by Estruc, Nascimento, Gomes et al. (2012) in cats, where the middle colic artery appeared as a 2nd branch of the cranial mesenteric artery in 83.33% of males and 57.14% of females, unlike Queiroz, Moura, Lucena et al. (2011) , who found that in 75% of the rock cavies analyzed, the middle colic artery appeared as the 1st branch of the cranial mesenteric artery originated, similar to the results obtained by Atalar and Yilmaz (2005) of 78% of the Hystrix cristata rodents studied and by Machado, Gonçalves, Parizzi et al. (2006) in 40% of the nutrias analyzed.
In cats, Estruc, Nascimento, Gomes et al. (2012) showed the presence of jejunal artery as the 3rd branch emerging from the cranial mesenteric artery in 83.33% of males and 57.15% females, similar to that observed in the present study (80% of males and 86 67% of females). Queiroz, Moura, Lucena et al. (2011) , in a study of rock cavies, observed that the duodenum jejunal artery was present in 95%, with origin from the cranial mesenteric artery, immediately after the middle colic artery and caudal pancreatic duodenal artery, similar to that observed in 90% of the nutrias studied by Machado, Gonçalves, Parizzi et al. (2006) . In the white-eared opossum, Pinto e Silva, Martins and Guazzeli-Filho (2008) observed that the jejunal artery comes from a common trunk and issues different branches (6-15), with anastomosis occurring between them.
In the present investigation, the 4th branch to be issued in male rabbits was represented by jejunal branches (80%) or the jejunal artery (20%). In females, it was the jejunal branch (80%) mor the branch to the transverse colon (20%). In contrast, in cats Estruc, Nascimento, Gomes et al. (2012) observed that the 4th branch emerging from the cranial mesenteric artery was the ileocecocolic artery in 61.11% of males and 42.86% of females.
As 5th branch in the male rabbits was observed in the jejunal branches (46.67%), jejunal artery (40%) or ileocecocolic artery (6.67%). In females were the jejunal branches 53.33%, branches to the transverse colon 6.67% or jejunal artery in 40%. In a study of rock cavies (QUEIROZ, MOURA, LUCENA et al., 2011) , the ileocecocolic trunk represented a continuation of the cranial mesenteric artery in 50% of the animals analyzed, similar to that observed by Atalar and Yilmaz (2005) in porcupines (Hystrix cristata). This arrangement was also mentioned by Nickel, Schummer and Seiferle (1983) as common in rodents. This trunk was also described by Figueiredo, Albuquerque and Souza (1979) in opossums and Albuquerque, Fernandes-Filho and Borelli (1976) in marmosets. Also in rock cavies, Queiroz, Moura, Lucena et al. (2011) observed that this trunk originated from the ileocecal and right colic arteries. However, in the nutria (MACHADO, GONÇALVES, PARIZZI et al., 2006) and in Hystrix cristata (ATALAR and YILMAZ, 2005) , the right colic artery arose directly from the cranial mesenteric artery and anastomosis occurred with colic branch of the ileocolic artery.
In regard to the cranial mesenteric artery esqueletopy, Getty (1986) and Nickel, Schummer and Seiferle (1983) mentioned that in the dog the origin of the vessel occurs at the level of the 2nd lumbar vertebra and Evans and Cristensen (1993) reported that the origin of the vessel occurs between the 1st and 2nd lumbar vertebra. Estruc, Nascimento, Gomes et al. (2012) observed that in cats the origin of the cranial mesenteric artery varied from the 1st to the 4th lumbar vertebra. In this study, the cranial mesenteric artery in rabbits showed origin from the 1s to the 3rd lumbar vertebra, corroborating the results of Uddin, Rahman, Alam et al. (2012) , who mentioned that in rabbits the origin occurs only at the level of the 2nd lumbar vertebra.
In the rabbits dissected in the present investigation, the caudal mesenteric artery in females and males originated directly from the aorta as a single artery in 100% of the animals. These results agree with those obtained in New Zealand rabbits (MACHADO, SOUZA, OLIVEIRA et al., 2008) , nutrias (MACHADO, GONÇALVES, PARIZZI et al., 2006) , white-eared opossums (Didelphis albiventris) (PINTO E SILVA, MARTINS AND GUAZZELI-FILHO, 2008), rock cavies (QUEIROZ, MOURA, LUCENA et al., 2011) and cats (ESTRUC, NASCIMENTO, GOMES et al., 2012) . However, Culau, Azambuja and Campos (2008) , in a study of the visceral side branches of the abdominal aorta in Myocastor coypus (nutria) found that in 3.3% of the animals the caudal mesenteric artery was absent and his region was supplied by a well-developed branch of the cranial mesenteric artery, the left colic artery. This absence was also mentioned in cats (ESTRUC, NASCIMENTO, GOMES et al., 2012) .
Santos-Júnior, Ferreira, Silva et al. (2005) reported that in German mastiff dog fetuses, the caudal mesenteric artery emerged from the ventral surface of the caudally descending abdominal aorta, near its termination, and after a short cranio-caudal trip issued the following branches: left colic artery by sending a series of colic branches, and cranial rectal artery, sending several colic and rectal arteries. These results are similar to those observed in this study.
In 100% of the rock cavies studied by Queiroz, Moura, Lucena et al. (2011) , the caudal mesenteric artery issued as the main branches of the left colic and cranial rectal arteries. A similar pattern has been described in marmosets by Albuquerque, Fernandes-Filho and Borelli (1976) , in opossums by Figueiredo, Albuquerque and Souza (1979) , in white-eared opossums by Pinto e Silva, Martins and Guazzeli-Filho (2008) , in agouties by Carvalho, Maglino, Didio et al. (1999) , in nutrias by Machado, Gonçalves, Parizzi et al. (2006) , in cats by Estruc, Nascimento, Gomes et al. (2012) and in rabbits (UDDIN, RAHMAN, ALAM et al., 2012) , an arrangement also observed in the present study. The frequency with which the caudal mesenteric artery originates the left colic and rectal cranial arteries in the different species studied seems to indicate a similar pattern of vascularization for different species.
In regard to the caudal mesenteric artery esqueletopy, Getty (1986), Nickel, Schummer and Seiferle (1983) and Evans and Cristensen (1993) mentioned that in the dog the origin of this vessel occurs at the level of the 5th lumbar vertebra. Estruc, Nascimento, Gomes et al. (2012) observed that the origin of the caudal mesenteric artery varied from the 5th lumbar vertebra to the 1st sacral vertebra. In this study, the origin of the caudal mesenteric artery varied from the 5th to 7th lumbar vertebra, corroborating the results of Uddin, Rahman, Alam et al. (2012) , who mentioned that in rabbits the origin occurs only at the 6th lumbar vertebra.
From a more general point of view, any abdominal surgery that requires mobilization or hemostatic control of the cranial and caudal mesenteric arteries and their branches requires a systematic search for possible vascular anatomical variations. The complexity of these vascular changes can modify the technical possibilities of the surgical procedure, as well as those related to imaging diagnosis. Sarathchandra, Lunn and Hunt (2009) reported the need for ligation of the caudal mesenteric artery in dogs during procedures of resection and anastomosis of the colon rectal junction in an annular adenocarcinoma, reinforcing the idea of the importance of knowledge of the vascular anatomy.
Esqueletopy, origin and branch variations of cranial and caudal mesenteric arteries in rabbits should be considered in the implementation of radiological, surgical and experimental procedures, aiming to avoid mistakes that are committed due to lack knowledge of the possible variations in these animals.
Conclusion
In conclusion, the cranial and caudal mesenteric arteries in rabbits have esqueletopy and varied ramifications in both sexes. No relationship between the mesenteric arteries lengths and the animal rostrum-sacral length was observed. The origin of the cranial and caudal mesenteric arteries is independent of sex.
